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INTRODUCTION

[ GENERA L

r This Dependability ~~ogram Plan is submitted in accordance with the require-

L ments of Para. 3.2.28.3 of the Dependability Supplement to Appendix II dated 14

r Jan. 1965 . Appendix II is a part of Amendment 4, to MIL-S-22974 (SHIPS) dated

14 August 1964 . The organization of the plan follows closely the individual paragraph

r \~~head~~gs of the Dependability Supplement .

e BQQ-1 ()Sonar System is used for the detection and tracking of enemy sub-

L marines . The system employs both active echo ranging and passive listening tech-

• niques , and has considerable operational flexibility, utilizing many different methods
V for obtaining target information. There are five recognized modes of operation within

the concept of this Dependability Plan .

These are: V

(1) Passive Detection,

r (2) Passive Tracking,

1. (3) Passive Localization1

r (4) Active Localization~ ~ 4’i L

(5) Active Detection and Tracking

[ Each of these modes has a specified probability of success associated with a

given tnission time . Assuming an exponential distribution of times to failure , the

I ’ mode requirements have been calculated in terms of MTBF. A minimum equipment

repair time has also been specified for this equipment and Maintainability prediction V

II! and analysis efforts are intended to assure achievement of this repair time .

The dependability program for BQQ-1 Systems purchased under Contract Obar
V 93138 (‘65 Buy) represents a carefully planned , integrated series of tasks initiated at

the early stages of system study and analysis and carried forward throughout the

lu
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design, development, manufacture and test phases . (See FIgure 1.) Since the BQS-6

is a highly redundant multi-moded , repairable system, some degree of downtime is

permissible and hence achievement of a high dependability or availability becomes of

vital importance . The attainment and successful demonstration of the two factors

which comprise the system Availability parameter, I .e . ,  Reliability (MTBF) and

ii Maintainability (MTTR or ERT) , are the primary objectives of this program plan .
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a. ORGANIZATION AND MANAGEMENT

Organization

The Raytheon Sub Sig Division R/M organization operates under the charter of the V

Product Assurance Function which in the same manner as the Engineering and Manu-

facturing functions , reports directly to the Division General Manager. FIgure 1 m dl-

cates these relationships.

It can be noted from Figure 1 that the R/M Department , together with the various
V 

Quality Control Departments, is at the same organizational level as Systems Engin-

V 
eering, Design Engineering, Purchasing and Industrial Engineering. In this way the

Product Assurance Departments have organizational stature commensurate with their

responsibIlities and impact on the design and production of the hardware.

The functions and responsibilities of the various Product Assurance Departments

are shown in Figure 2. As it can be seen there are five departments reporting to V

Product Assurance, each having specific duties and responsibilities for the accomplish- - 
V

ment of the Product Assurance function .

V 
V~ One of the fifre Departments is Quality Control. Two groups report to the Manager

V of Quality Control;the Inspection/Test group and the Quality Control Engineering group.

Between them, these groups control the quality of all in-house manufacturing activity.

u 
The Inspection/Test Department has the responsibility of assessing the quality of all

material manufactured/assembled In-house, both in process and on through final test ,

final Inspection, packing and shipping. This assessment includes checks on workman- V
ship, function, conformance to latest document revision incorporation and compliance

H with applicable engineering/government specifications . It is also the responsibility of

the Inspection/Test Department to maintain accurate and up-to-date records of its

1] activities and to report information on quality to Production and Quality Control in order V

Li that quality analyses can be made and corrective action implemented where its need is

indicated. The detailed , formal, routine activities of the Inspection/Test Department

[I
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are governed by written procedures prepared , issued, controlled and revised by the

Quality Control Engineering group as described in the Quality Assurance Manual .

• - The Quality Control Engineering Group, besides being responsible for the pro-

cedures which govern the activities of the Inspection/Test Department , has several

other responsibilities. It prepares , issues , controls and revises the procedures and

V i policies followed by all the activities under the Product Assurance Function , except
V 

those for the Reliability/Maintainability Department . It maintains the official records

- of all inspections and tests , internal corrective action activities , quality costs of all

Product Assurance fun~tions and is responsible for the estimates of quality costs for

proposals . Through the use of statistical analysis , the Q. C. Engineering group deter-

mines the extent of in-house inspection activities . By close cooperation with other
V - departments , it analyzes the impact of quality requirements in contracts and through

additions to and revision of the Quality Control Manual , Quality Control Instructions,

the Workmanship and Standards Manual and Test Method/Inspection Procedures , assures

V - 
th~tt these requirements are met where applicable .

The Vendor Quality Control Department is responsible for quality on all purchased

material from vendors and sub-contractors . The responsibilities of the Department V

• begin with the review of specifications on parts to insure the inclusion of proper 
V

- V inspection and quality safeguards in the purchase orders . The Department also con-
V ducts quality capability surveys on both proposed and existing vendors for confor-

mance to applicable contractual and Government requirements. It is responsible for
V product inspection at Incoming, review of all defective material for corrective action

V 
and assurance that the vendors take effective action to eliminate defects. The Material

Review Crib and Tool and Gage Control are also a part of this Department in order

that integration of these related functions will contribute to the over-all Quality Plan

for the adequate surveillance of incoming material with maximum quality cost effec -
V 

tiveness.

a-4
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The Test/Test Equipment Engineering Department is basically responsible for
V 

providing the test procedures and test equipment in support of the test program

carried on by the Inspection and Test Department. These test procedures and test

equipment are based on contract and specification requirements as assigned by

- 
- Engineering to the various sub-assemblies and units. Unit Test requirements are

V reviewed for compatibility with the specification as well as the test procedure pre-
V parations . This department is also responsible for materials and process control ,

vendor subcontractor test plan approval , test audit and technical support to materials/

processes, transducer test , vendor test audit and unit and system test. Also , since

it is Division policy to procure material and calibrate all test equipment used in the

design and manufacturing processes , the test equipment calibration and maintenance

activi ty is also a responsibili ty of this Department.

The Project Management Department is responsible for the overall planning

scheduling coordination and direction of Product Assurance function pertaining to

Production and/or Engineering Programs . A Product Assurance Project Manager 
V

is assigned to each Engineering and/or Production Program who acts with the full

authority of the Product Assurance Manager on the program. He is responsible

for cost control , PERT scheduling, task breakdowns , customer liaison and must

remain alert to new requirements or developments so that timely notification can

V be made to assigned personnel. t
The R/M Department under Division Policy and Procedure No. E8. 014 is

responsible for the conduct ,direction and management of all R/M programs under-

taken by the Division . The Department consists basically of six functional sections .

These sections and the types of R/M efforts performed by each are discussed in the

following paragraphs . In addition to the functional groups on R/M project engineer is

assigned to each major program with the responsibility for overall program planning

and scheduling, inter-department coordination , PERT charts , schedules and budgets .

a- 5 
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The project engineer will issue work statements as required to the various
V functional groups for the performance of the required effort. Each reliability project

V engineer is responsible for the R/M efforts pertaining to his project. Personnel

assigned to a particular project are responsible for their technical performance to

the project engineer although administrative responsibility is retained in the m di-

vidual functional groups. In this manner each functional group can grow in technical

sophistication along its individual speciality and since one func tion may be involved

with several projects each project can benefi t from the continually increasing know-

ledge and experience.

The R/M Statistical Analysis Section is responsible for statistical studies

pertaining to reliability, maintainability, availability, etc . In addition this section

develops special computer programs for various mathematical modes and procedures .
V 

V They provide statistical assistance in the design of experiments and analysis of data

and engage in R/M research programs as required. In the FY ‘65 Buy program this

group will be responsible for analysis of reliability models , performance of sys tem

V prediction , design of special part tests and analyses of test data.

The Systems/Design Support Section is responsible for providing R/M information

to system engineers and designers . In the ‘65 Buy program this group will be resp-

onsible for product identification , system failure mode and effect analysis , system

V 
interface considerations , concept reviews , electrical and mechanical design reviews ,

and statistical circuit analyses .

The Component Application Secti on is responsible for part testing and qualification

programs , reviews of electrical and mechanical part purchase specifications , assisting

designers in selection and application of parts , assisting in selection in venr’~rs and

maintenance of parts standards . In the ‘65 Buy program this group will be implement-

ing all of the above efforts to assure a high degree of parts and materials control.

a-6
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The Reliability Testing Section is responsible for performance of Component
V 

Testing Programs including analysis of failed parts and operation of the Environmen-

tal Test Facility. On this program they will be responsible for performance of

critical parts tests and engineering evaluation tests (environmental) of sub-assemblies

and assemblies. During reliability demonstration tests they will assist in setting up

the system for the vibration environment. V V

V 
The Product Support Section is responsible for performance of failure analysis

of inpiant and field failures to determine cause and initiate suitable corrective action

where required. The Section also sets up special procedures for failure data collection

and reporting and oonducts indoctrination lectures on failure reporting for mainten-

ance technicians in the field . This Section has been responsible for the effort per—

V formed on Contract NObsr 91276 and will perform the hr-plant failure analysis on

V the equipments being bui lt on NObsr 93138.

The Maintainability/Human Factors Section performs maintainability prediction V

analyses on equipment in accordance with MIL-M-23313A and reviews equipment

designs for maintainability factors. The Section also provides Human Factors

consultation with Systems Engineering in the design of operator consoles and assures

proper consideration of man-machine interfaces in all phases of the equipment design.

In the ‘65 Buy Program , the Section will be responsible for the maintainability pre-

diction and demonstrate test procedure and will provide an input to the design reviews
V in the areas of maintainability and human factors .

Management Control of Program V

Since the overall BQQ-l ( ) D e~~ndah1lity Program involves many activities other

than R and M such as manufacturing control , subcontractor and vendor control and

configuration control. All of the Product Assurance functions are responsible In some

manner for a part of these efforts . For this reason a Product Assurance Project 
•

Manager (Dependability Program Manager) will be assigned to coordinate the efforts

Ia-7
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of all Product Assurance Departments and assure that work is on schedule , problems

are resolved satisfactorily and funds are being spent j udiciously .

The Product Assurance Project Manager will be a key member of the Program

Manager ts team representing the total Product Assurance Function . He will report

directly to the Product Assurance Manager and will receive management direction and

suppcrt from him. He will have the full authority of the Product Assur ance Manager in

resolving BQS-6 ( ) program problems and in coordinating the efforts of all the Product

Assurance Departments . He will participate in all Progr am Team conferences and

will work closely with the Engineering and Manufacturing team members .

The Product Assurance Project Manager will have his own team of assistants

consisting of project engineers appointed from the various departments within Product

Assurance. Meetings will be held regularly between the Product Assurance Project

• Engineers and the Product Assurance Proj ec t Manager to assure that he is kept

completely informed of program progress within the Product Assurance function .

The R/M Project Engineer will work closely with the  Product Assurance Project V

Manager making sure that he is kept up-to-date on progress of the RIM activities . The V

RIM Project Engineer will have the responsibility for defin jug the R and M tasks 
V

necessary to assure compliance with the contractual requirements. He will monitor

the performance of these tasks and evaluate their adequacy , receiving advice and
assistance as required from the R/M Department Manager. Periodic status reports

will be required for all major activities and where necessary special forms will be
devised to indicate the level of current progress and percent of completion . This will

enable the R/M Project Engineer to recognize potential schedule slippage rapidly and

apply corrective action as required. R/M milestone charts indicating the required

time phasing of each activi ty will be used to assure proper coordination of efforts

and anticipate potential workload or staffing problems . In addition the entire R/M

program will be included in a PERT program s o that key events can be scheduled

and monitored. Regular conferences will be held with all activity group leaders to

V a-8 
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determine potential program bottlenecks , assure adequate communication between

activities , and expose areas where additional management controls must be placed.

V The RIM Project Engineer wil l be on the distribution list of all system and project

memos and design documentation including system and unit specifications and design V V

- 

memos . During the development phase the R/M Project Engineer will be the focal point
V for coordination of the various Engineering Departments with the Manufactur ing and

• Quality Control team members so that rapid corrective actions can be brought to bear

on production problems . These meetings will also assure that the Failure Analysis

program i~ in receipt of the latest information. In this area in particular , the R/M

Project Engineer will coordinate his effort closely with the Product Assurance Project

Manager to assure the rapid resolution of quali ty or reliability problem a reas.

a-9 V
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b. RELIABILITY DESIGN

1. Techniques

Since inherent reliability is design-limited, a thorough comprehensive effort is V

planned to assure that designs are adequate and will meet reliability requirements .
Figure 1 indicates how the reliability activities will be coordinated throughout all
phases of development , production and test. During the system analysis phase ,
RIM engineers will perform system complexity studies; derive mode reliability
models ; perform various reliability and maintainability trade-offs,analyses, and

analyze mode reliability . H /M Engineers will work directly with Systems engineers ,

assisting them in utilizing redundancy techniques , indicating preliminary failure

rates of units , calculating preliminary mode MTBF ’ s and assuring that each mode

of operation will achieve its reliability requirement . As the systems phase of

analysis progresses into unit specifications , RIM engineers will apportion system

MTBF requirements to the lowest sub-assembly levels . These apportionments will —

be included in the unit specifications presented to designers . At this time also ,

from analyses of the reliability models , those units or parts whose failure could

cause loss of an entire mode of operation will become evident and will become the

V basis for special reliability controls used to assure their proper performance .

These special controls are discussed in paragraph 3 under the Critical Parts Pro-

gram .

j During the Electrical and Mechanical design phases of the equipment ,

independent design reviews will be conducted by. experienced Reliability personnel.

Such reviews will include comprehensive investigations of electrical and mechanical

designs for satisfactory part selection and application , adequate part deratings ,

environmental resistance, satisfactory thermal design , etc . A detailed discussion V

of the design review program is presented further on in this plan . Coincident with V

b-l
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the design review will be a maintainability review of design from the standpoint of

adequacy of fault location and isolation, accessibility and personnel safety

hazards. At the same time also a failure mode and effects analysis will be

conducted to determine areas of extensive secondary part failure, to develop im-

k proved means for fault isolation and location , and to assist in highlighting critical

parts and assemblies. Critical parts lists will be derived , and special

parts tests will be perform ed using statistical experiments to assure maximum

F receipt of data from part tests. During the prototype testing phase (service

test model) inform ation from environmental lests will be used as inputs to

an extensive failure analysis and corrective action program described in detail

[ in a later section of this plan. At unit and system tests also, failure data will

be collected and analyzed and used as results inputs to the failure ana lysis program.

Corrective actions will be initiated through the issuance of Engineering Changes there—

by assuring a steady process of reliability growth.

2. Design Analysis

Circuits will be analyzed for performance at the extremes of en-

vironment as well as for anticipated variations in part tolerances due to

manufacturing processes. These analyses will be assisted by computer \\
programs such as the IBM Electronic Component Analysis Program(ECAP),

especially for those circuits that are critical in their application in the system.

Where part applications and/or circuit designs appear marginal or

inadequate, immediate corrective action will be instituted. Since the in-

dependent RIM design review effort will be conducted early in the design

V phase, only a recommendation to the circuit designer will be required to

Institute the necessary cha nges. A similar analysis effort will be conducted V

on the mechanical designs. The speed and economy of Incorporating the

V 
recommended changes prior to design rel ease will be a major advantage of

this effort.

b- 3
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V 3. Critical Parts Program

V 
An integral part of Reliability and Maintainability Analysis is the

V 
acquisition of failure rate information relating to component parts and

the assurance of the reliable application of these parts in the required

V V function. An all-encompassing parts testing program would require

large expenditu res of time and effort much beyond the requirements of a repairable

V - system such as the BQS - 6 ( ). Therefore , a trade-off in effort appears to
V be necessary. Only those parts deemed “critical ’ (following a system

- - functional analysis) will be subjected to close Rellability/ Maintainability

surveillance, part testing and/or evaluation.
V - a) Critical Parts
- Parts will be deemed critical based on one or more of the

- 

. 
following criteria:

1) The part failure would result in loss of a major operational

mode as defined in the Dependability Supplement, unless the part has a

history of proven reliability and quality.

- V 2) The part is a high population item used extensively
- throughout the system and because of its widespread application must be re-

- liable except for part s ( and the manufacturers) having a history of known
V reliability and quality.

3) Non-standard parts or parts where little or no

previous knowledge exists regarding their reliability potential and where

failure ~of the part results in loss of a major operational mode.

4) Parts which require special handling, special material ,

special processes and/or special manufacturing techniques .

b-4
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b) Procedures and Controls for Parts Classified as Critical

Once parts have been classified as “critical” the following controls
and procedures will be implemented.

1. Non-Standard Parts

a) Part Specifications

Part specifications will be prepared to insure maximum quality,
minimum failure rates and to highlight critical parameters . All specifications

drawings, including vendor selections , will be reviewed and approved by R/M.

b) Qualification Data

Specifications drawings will stipulate that part qualification data will F
be submitted with the first production sample. Continuous surveillance of the

V . vendor ’ s production will be maintained by Vendor Quality Control with R/M support V

in Reliability problem areas. 100% Inspection and testing of critical parameters

will be Instituted where required to maintain quality and high part reliability . This

V will be performed at either the vendor ’ s plant or in-plant by Raytheon.

V c) Vendor_Surveillance

Raytheon Vendor Q. C. will perform quality surveillance of the vendors

(where necessary) to determine vendor qualifications in areas of Q. C. procedures,
instrumentation, calibration, test facilities and control , and other pertinent areas

to assure high quality parts on a continuing basis .

d) Special Testing

Where necessary, special tests will be designed and performed to

assist in determining part reliability and potential modes of failures . The type of

test performed will be based on part type but examples of tests that could be used

are life testing, accelerated stress teats IR scanning techniques .

b-5
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2. Standard or Mil Type Parts

a) Vendor Control and Selection

Because of wide parameter variations from vendor to vendor of MIL V

or STANDARD parts (particularly in the semiconductor area) , tests will be performed

on vendors of a particular part QPL so that critical part parameter variations can

be minimized. Vendors will then be selected from the QPL, based on the outcome

j of the test results .

b) Incoming Part Testing and Inspection V

In order to maintain the critical part parameters at minimum variations ,

incoming testing of these parameters will be performed at a 100% level or reduced V

sampling as the lot size dictates .

Critical Assemblies

A critical assembly is defined as an assembly whose failures would result in loss

of a major operational mode as defined in the Dependability Supplement . An assembly

may be denoted as critical whether it does or does not contain critical parts . For

example an assembly composed entirely of MIL STD transistors , resistors and capa-

:11 cltora will not have critical parts but may be denoted as a critical assembly depend-

ing on its function in the system. An assembly containing a critical part usually will

be a critical assembly except In the special case where failure of the part would not

cause failure of the assembly.

All assemblies denoted as critical shall be subject to the following tests prior

to installation into óabinets :

The assembly shall be subjected to a successive vibration and temperature-

cycling environment . Vibration shall be performed for one (1) hour In each of the

three orthogonal planes , in accordance with MIL-STD-167 at a frequency of 28±2 cpa 
S

b-6
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T with a double amplitude excursion of 0.010 inches. The assembly shall then be placed

into an environmental chamber and the temperature of the chamber shall be lowered to

-54 + 3 , -1° C. Electrical power shall then be applied and the assembly shall remain

at this chamber temperature for 30 ± 5 minutes. At the end of this period , the temp.- V

erature of the chamber shall be raised to +65 C and the assembly shall remain ex-

j posed to this temperature for a minimum period of 3 hours . At the end of this period

the chamber temperature shall be lowered to 25 ± 3~ C and all specified electrical tests

shall be performed .

-
~~ 4. Vibration and Shock Testing Program

A program of environmental testing on the sub-assembly level will be in-

V V corporated during the design phase as follows:

a) Approximately sixty (60) percent of the subassemblies for the system V

will be subjected to exploratory shock and vibration .

b) The vibration will be along each of three axes in the frequency range of 
~V

from 5 to 50 cps to determine if resonances are present .

c) The shock test will consist of one (1) drop test on each subassembly, V

S using a Barry Drop Test machine and a 25-30 cpa fixture .

d) Photographs will be taken using high speed cameras to record the sub-

assembly motion under shock. 
V

5. Design Guides 
- 

-

Design guides such as NAVSHIPS 94501 will be utilized to a maximum degree ,

V 
both by R/M Department and Design Engineers - This will have a dual advantage;

standardization of technique and a common reference for discussion . An RIM Design
V 

- Engineering Manual will be provided to all designers which will stress these areas of

design peculiar to the AN/BQQ -1 Sonar System. In addition to the general reliability

and maintainability information found in most handbooks , the R/M Manual will present
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to the design engineer the information he will require to design his particular circuit,

I such as: the reliability requirements , the m$~~tinability requirements, the environ-
V mental considerations , critical parts considerations , etc . This R/M Design Engineer-

I tug Manual will be distributed to each Design Engineer in the AN/BQQ- 1 Program . It

will provide a convenient reference for any technical considerations peculiar to this

program . V

6. Signatory Authority

‘ The Dependability Organization will have Signatory Authority on the
-- Following Documents:

V a) Part Specifications

b) Study Layout Mechanical Drawings
V 

- c) Preliminary Schematics and Parts Lists V

V 

d) Detail Mechanical Drawings
-
~ e) Final Production Drawings, prior to release to Manufacturing V

f )  Engineering Change Orders

g g) Drafting Change Orders V

- 
h) Production Change Orders

- 

By use of this sign-off authority , each drawing will be reviewed by R/M

Department prior to issuance for its impact on the equipment reliability .

j LI
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V C . MAINTAINABILITY DESIGN - PROGRAM PLAN
V 

1. Techniques

V 

In achieving a high degree of Maintainability in the BQQ— 1 Sonar system ,

it is of prime importance that the occasion for maintenance action be reduced

to a minimum through the extension of the mean-time-between-failure (MTBF).

When maintenance is necessary, however , it is essential that system design provide

for rapid system recovery by reducing the repair time to a minimum , with

r particular emphasis being exerted in those area s where part failure criticality

affects the system mission.

Fault localization will be achieved through the use of a Central Maintenance

System (CMS) whereby failures can be localized to various functional levels .

within the system from a central point. Wherever practical , failures will be isolated

by CMS to a replaceable assembly or part. Isolation of a failed part or assembly will

be facilitated by careful location of test points , functional grouping, and by simp-

lified trouble—shooting instructions, circuit diagrams , or other pert inent inform ation ,

provided to the technicians by the CMS film viewer display.

Modularization is used throughout the system as a means of assuring rapid

system recovery in the event of failure. In addition , multiple redundancy is

used extensively to assure a high degree of system tolerance to part failure

without aborting the system mission.

In the prediction and analysis of maintainability design data , procedures

provided in MIL-M-233 13A and in NAVSHIPS 94324 will be utilized.

Formal and informal design reviews are conduc~ d throughout all phases

of design. Close coordination with reliability , system s , and engineering personnel

is maintained. In addition , the development of design guides , maintainability check-

lists , and similar techniques will also be utilized to improve system maintain-

abili ty during design. Requirements tVor MTTR are also included in system and unit

specifications.
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2. Design Analysis

V When drawings , schematics , design layouts , or other design data are submitted

to the R/M Department for review, a thorough examination of the proposed design

is made by com~etent personne l in terms of maintainability requirements . Improve-
S ments are then discussed with cognizant designers at regular design review meetings

at which maintainability is always represented .

Every effort is made to coordinate activities with designers before proposed de-

sign requirements and hardware configurations become firm , in order to incorporate

maintainability design improvements as early as possible.

V 3. Design Guides

V V 
An AN/BQQ-1 Reliability and Maintainability Engineering Manual has been pre-

pared as a means of providing all design engineers and others with a convenient
- 

reference of maintainability design guides and other useful reference material . This

handbook provides the designer with information specifically oriented toward the re-

quirements of an AN/BQQ- 1 Sonar System, and contains maintainability prediction

V techniques , maintainability check-lists , policy and procedures as they relate to

maintainability as well as other pertinent information relating to maintainability
- design practices . Copies of 94324 are being distributed to all design groups . 

V

- 4. Human Factors

V Human Factors engineering is considered to be an integral part of the maintain-
V 

ability program . It is the function of the human factors program to provide require-
- ments and the criteria to Insure that the equipment will best utilize human capabi-

lities in its operation and maintenance ; to determine the human performance required

to maintain and monitor the system; and to provide recommendations for any special
V training required of maintenance personnel. 

S
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In order to accomplish the above objectives , the Human Factors program

will  consist of the following

a: Equipment Design Review:

Human factors will pa rticipate in the design review and evaluate station
S and panel layouts., operating consoles , and assorted displays to insure that

functions and tasks assigned to the man-equipment interface can be performed

adequately. 
V 

Recommendations for the arrangements of controls , indicators

displays and adequate access will be provided to minimize maintenance

downtime. A maintainability check list has been developed to aid in accomp-

lishing this function.

b. Work Area Evaluation.

Floor pla ns will be reviewed to determine that the arrangement of equip—

merit and the environmental conditions are consistant with the functional

requirements of the man-machine interface in terms of general comfort ,

safe ty, ease of maintenance and perfor mance proficiency. This will indlude

the establishment of requirements for access , safety, ambien t lighting:

ambient noise , ventila tion and visibility of disp lays.

c. Trouble shooting procedures.

Human factors will work closely with Systems Engineering and System V

Services to establish trouble shooting procedures for incorporation into the CMS

console. This procedures will be based upon the analysis of the operating
V modes and the Failure Modes and E ffects Anal ysis .

d . Training Requirements.

Human factors will provide requirements for navy maintenance

personne l based upon the analysis of the equipment and maintenance requirements.

The purpose of this training recommedation will be to provide a means for
V reducing the time required to locate and violate malfunctions. 

V
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5. Elimination of Adjustment

The elimination or minimization of adjustments considered to be of paramount
V importance in the development of a system with superior maintainability charac-

teristics . It has long been recognized that adjustments in electronic equipment often

reflect circuit instability with a consequent degradation in system operation . The V

need for adjustment is being minimized by careful design and analysis to assure

circuit stability , and by effective control of all system adjustments which are deemed V

necessary to normal system operation.

To implement this control system specifications stipulate that adjustments will

be permitted only where essential to meet operational requirements , and then only

with prior approval of Systems Engineering .

6. Specification and Drawing Sign-Off

Maintainability procedures and responsibilities for the sign-off of specification

and drawings Is described under the Reliability section.

7. Central Maintenance System

One of the most significant design features of the syste m in achieving a high

degree of maintainability is the incorporation of the Central Maintenance System

(CMS) . The impact of the CMS in accelerating repair time is most effective in
V several areas . Besides the obvious improvement in fault localization and isola-

tion , significant benefits occur from the centralization and the simplification of

the primary failure analysis function . In addition , it provides step-by-step proce-

dures for localizing the failure to a unit or sub-unit , and in some cases to the

replaceable part or module .

Simplified trouble-shooting Instructions are also provided to the technician by

the integrated film reviewer obviating the need for cumbersome test equipment ,

maintenance manuals , and schematics to be used in the limited confines Of the

sonar equipment areas -
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Particular attention is paid to the human factor features of CMS in order to make
it compatible with the limitations and capabilitites of the maintenance technicians
who will perform the maintenance function .

8. Repair Philosophy

The repair philosophy of the AN/BQS-6 ( )  system considers that it is most
important to reduce the occasion for maintenance by designing into the system the
capability to tolerate a large number of part failures without suffering critical
system degradation .

This failure tolerance is achieved by means of extensive redundancy in transducer
paths , the modular drivers , as well as duplication of functional capabilities in
certain modes of operation.

Modular construction and plug-in printed circuit boards are used extensively as
a means of reducing repair time to a minimum. Test points are caref ull y p laced at

V all points in the system where trouble-shooting is required as a means of reducing
isolation time to a minimum . Rapid localization of a malfunction is accomplished
by means of a Central Maintenance System which will localize failure to the lowest
practical level within each unit.

-: Consideration of repair philosophy must account for all factors which signifi-
cantly affect the repair cycle or result in system downtime . Particular effort is
being directed toward identifying critical part failures in order to take appropriate
corrective action in the form of improved reliability and repair capability .
Similarly, logistical influences , such as spare parts provisioning, are also given
consideration . As a consequence , It will be necessar; to provide at least one
spare for each type of printed circuit board which is a replaceable item -
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, d. FAILURE MODES AND EFFECTS ANA LYSIS PLA N

1.0 APPROACH

Equipment Dependability is recognized as a system concept.

The Failure Mode and Effects Analyses must re late to the System Effectiveness

• through the equipment configuration levels down to the individual component

1 piece part. Within the program time constraints identification of Critical

-
~~ Areas and the effective implementation of adequate corrective action , where

required , is mandatory . Therefore , the failure modes and effects analysis
VS objectives are as follows:

a) At the system level , the effects of unit prin~~ry failure on

system operating modes are analyzed to determine which units are critical . The

commonality chart and the reliability models are used in this ana lysis to

identify those units whose failure would cause the most seriou s effects on

system operation. “Critical” units thus identified are studied to find ways

to reduce the frequency of failure and to reduce the effect of failure on

system operation. This analysis progressively includes lower levels of

assembly.

b) A second analysis determines the nature of secondary failures ,

resulting f rom the primary fail ures . Secondary failures in “critical” units can
- 

- 
result from primary fail ures in “critical” or “non-critical” units and the effect

VS on system operation will be as serious as a primary failure in a critical unit .

Secondary failure modes are studied to determine ways of eliminating secondary

f ailures or to reduce their effect on system operation in the various operating

V modes. This analysis progresses from the system level down through the re-

placeable sub-assembly level .
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c) Lastly, critical failure modes are analyzed to determine what

failure symptoms ‘~w uld be detectable by the operator , either through the

operator ’s console or through the Central Maintenance System. Early V

correction of critical failures requires immediate detection of the occurrence

of the failure. This analysis results in recommendations for continuou s mon-

itoring points and test points.

2.0 APPLICATION

Considering the AN, BQQ-l( ) system initally as an assembly of “Black

Boxes “, it can be determined that the occurence of either of the basic
catastrophic failure modes; (open or short) , will reflect in one of three basic

failure effects ; (inoperative , degraded or no effect) - Expanding the consideration

through the equipment configuration levels to the lowest sub-assembly will

highlight the critical level s for each operating mode. Analysis will consider

the secondary effects of basic failure modes on the immediately adjacent

levels of configuration . The results of this investigation will be reflected in
V 

- the reliability apportionment and reliability and maintainability prediction

updating.

Analyzing all equipment conf iguration levels will define the critical area s

and critical parts within those areas. This analysis will result m a  critical part

V test program to establish the part capability for the application. A corollary to

the Failure Modes and Effects determination will be the projection of indicators

of failure occurance available at the operator consoles. Interpretation of

the effects of failure occurring in remote locations through the controls and

presentations normally available to him will serve as a cross- reference for

initial fault location. This approach will be developed in support of the equipmen t

Maintainability effort. Tracing the failure modes and effects through the system will

reflect In expediting “on board” fault identification , more rapid utilization of the

Central Maintenance System and an earlier return to normal equipment operating capability.
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The equipment performance specification and design concept will be reviewed

for compatibility . The equipment Functional Block commonality chart will
V 

indicate commonality of sub-systems and units to the several operating modes

and initial potentially critical function areas . As preliminary schematics and

parts lists become available , these will be evaluated for most probable part

failure modes,inclusion of special parts , state-of-the-art techniques and applica-

V tions . An analysis of those areas which have critical part failure modes will be

performed and a unit evaluation is prepared as an input to the preliminary design

review panel. The evaluation will provide data for discussion of the noted part

Failure Modes for which inadequ~”e protection is provided , and will recommend

courses of corrective action and indicate priorities on the basis of most critical

part failure modes .

The units for which operating failure modes are determined will be anal~ zed

through the sub-assembly, module and piece par t levels to establish Failure Effects

and their influence on the specific assembly and immediately adj acent functional

levels . These effects will be tabulated and the tabulations maintained up-to-date

to reflect the incorporation of engineering changes and corrective action recom-

mendations . - V

In parallel with Critical Parts List generation , test procedures and programs

for the determination of most probable failure modes and adequate safety margins

for specific applications will be developed . The data and recommendations result-

ing from such programs w 11 be made available to Design Engineering and reflected

in up-dated Failure Mode and Effects tabulations (Figure 1) - This process of

unit assessment for the determination of Critical Areas , establishment of Failure
S Modes , analysis of Failure Effects and imp lementation of Corrective Action

recommendations will be continuous throughout the equipment design and develop-

ment phase .
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I

• The FM & E analysis will be continued through the equipment production engin-

eering and assembly to de tect , review and correct production processes and

techniques which are considered to degrade the inherent equipment depend-

ability .

3.0 CORRECTIV E ACTION TECHNIQUE S 
V

For the FM& E program the Critical Area is initally determined as a

• function of equipment and the operating modes. The Critical Unit can then be

considered on the next lower level to identify the critical sub-assembly and by

progressive analysis to the identifi cation of the critical failure mode and

the effects of such failure modes. Knowl edge of the m echanics of failure provides

background for the recommendation of appropriate corrective action. Through-

out the peri od of the Program the defi nitization of Critical Areas and Parts will

take into account the equipment system redundancy, substitution of standard for

initially special parts and the elimination of critical parts or incorporation

of measures which minimize the resultant detrimental effects.

V 4. 0 APPLICA TION TO PREDICTIO N

The result of the Failure Modes and Effects Analyses Will be applied to

the initial Dependability predictions as quantitative modifiers reflecting

equipment function , operation and application. These results will highlight areas

V 
- of criticality not revealed specifically by prediction on the basis of stress-

assessed pa rt failure rates. The determination of such failure rates accepts the

random failure rate index for a specific part type as an irreducible minimum

for a given stress ratio.
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5.0 PERIODIC UPDATING

The achievement of satisfactory operational equipment dependability is a
- function of the inherent reliability and maintainability the manufacturing processes

and the operational utilization. Throughout the equipment Design and Development
- phase potential production problem areas will be noted and recorded for considera-

tion by Production Engineering and Quality Assurance . Data derived from Failure
V Modes and Effects analyses , Reliability system apportionment and Critical Parts 

V

r test programs will be reflected in the Dependability Demonstration Test Specifica-
tion and Procedure. The findings of the progressive analyses will be made avail-

— able as:

Inputs to the Design Review Panels.

Correlation data to Reliability Predictions . V

An aid to the adequate definition of par t stress Safety Margins.

An aid to definition of Vendor controls .

A determining factor for Critical Parts test programming .

An aid to the determination of Preventive Maintenance Procedures and
Schedules. 

V

In line with the intent of this plan, status reports , advisory reports and re-
commendations for corr ective action , will be prepared and submitted as necessary
throughout the program.
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- e. RELIABILITY APPORTIONMENT

1. Determination of Operational Modes
V 

The AN/BQQ -1 Integrated Sonar System requirements for reliability are

S - derived from the contractual specifications . These define the performance require- 
V

V ments for each operating mode and are usually derived from the Ship ’ s Operating

Requirements (SOR) . The System requirements will be reviewed and a reliability

block diagram will be generated for each operational mode. The mode reliability

requirements will then be apportioned into reliability requirements for each block.

The apportionment is done on the basis of expected equipment failure rate , criticality

and previous experience. A mathematical model will be derived for the model con-

figuration to determine if the apportioned reliability for each block in combination

will provide the required reliability . Using the mathematical model as a basis , the

reliability requirements will be converted to the equivalent total failure rate (or

MTBF) for each sub-assembly . The individual sub-assemblies and circuits for

the mode are defined in the Product Identification Chart which defines the actual

hardware used in each mode of operation and cross-references the reliability block

in which each sub-assembly is used . Where a circuit or sub-assembly is used In

more than one mode , this Is presented in the Common Item Chart which results
V 

from the model derivations and product Identifications -

The operating modes of the AN/BQQ-1 System as defined for this RIM effort
V 

in accordance with the Dependability Supplement are as follows:

a) Passive Detection

b) Passive Tracking

c) Passive Localization

d) Active Localization

e) Active Detection and Tracking 
V

e— i.
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The apportioned Reliability numbers for the individual units and sub-

V assembl ies, derived from the Reliability Block Diagrams and Product

Identification Chart , will be given to Sys tems Engineering for inclusion in
the System Unit Specifications as an additional design requirem ent. The 

V

R/ M Department will supply consultation to the System Engineers for detailing and

V 
defining the reliability requirements and review the System Unit specifications

to assure the inclusion of these requirements.

V 

As design predictions are generated, the R/M Engineers will determine I
whether apportionments have been met by designers. Where apportionments are

obviously incapable of being satisfied, trade-offs will be made with other

sub-assemblies and new apportionments will be determined and distributed to V

V the System Engineers for revision to the System Unit Specifications.
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f. PREDICTION

1. Reliability Prediction and Ana lyses

V 
A mathematical prediction of reliability of the AN/BQQ - 1 Integrated

Sonar System will be generated early in the concept phase and continou sly

- • updated as circuits are developed. The initial prediction will be based on

NAVSHIPS 93820 Method C, wherein an estimated number of parts of a

particular type will be assigned an average failure rate per part and the

total quantity of parts multiplied by their failure rates will become a first

approximation of the equipment reliability.

— As the circuit designs are generated , failure rates will be assigned to

each part in the circuit based on its particular stress , and a Method ID
V 

• prediction will be derived. Stress analysis worksheets shcw a in Figure 1,

2, and 3 will be employed. Figure 1 Will be the cover sheet for the stress

analyses and will contain the necessary information to identify the circuit.

Figure 2 will be back-up work sheets from the same circuit and will only

require the drawing identification. Figure 3 will be a summary sheet with

provision for grouping parts by type and providing other necessary information.

V Failure rates for the prediction will be obtained from NAVSHIPS 93820

for all part s except semi-conductors and tantalum capacitors , for whThh

MIL - HDBK - 217 will be used.

Meanwhile a mathematical model will be generated to combine the in-

dividual sub-assembly failure rates into the different Reliability Blocks for each

operating mode. (Paragraph 3 of this section indicates how mathematical

models are generated.)

2. Maintainability Prediction and Analysis

A Maintainability prediction and analysis will be conducted early

in the design phase. The procedure is detailed in Section C of this plan.

f—i
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AN/BQQ-1 OPERATING STRESS ANA LYSIS
(CONTRACT NObsr 93138) Sheet ___ of

Assembly Name___________________________________________________________________ — Date_________________

Assembly Designation_______________________________ Eng~r. ______________________________Draw ing No. _______—

Assembly K ______________________________________Appd . Rev . No. ____________

REF.  RATED STRESS OPERATING OPER . STRES: NON— F . R.
SYMBO L PART DESCRIPTION LEVE L STRESS RATED STRESL STA N DARD J~~ 1o6) REMARKS

— 555_SVV_ _____________ ____________ ____________ _________ ____________

— _ _ _ _  _ _ _ _  _ _ _  _ _ _ _

~<ev I

FIGURE 1 A N/BQQ—1 OPERATING STRESS ANALYSIS WORKSHEET COVER
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~~~~~~ ON AN/BQQ-i OPERAT ING ANALYSIS 
Sheet of 

—

DRAWING NUMBER REVISION NUMBER ____________

REF . RATED STRESS OPERATING OPER . STRESS NON- F.R .
SYMBO L PART DESCRIPTION LE VE L - STRESS RATED STRESS STANDARD ~ ..x1O 6) REMPRKS

R/M 4854 —1 24 A

FIGURE 2 AN/BQQ—1 OPERATING STRESS ANALYSIS WORKSHEET
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AN/BQQ-1 OPERA TING STRESS ANA LYSIS
V I SUMMARY SHEET

(CONTRACT NObsr 93 138) Sheet_.. . of

‘ 
Assembly Name

___________________________________ Drawing No. _____________
Assembly Designation_______________________________ Revision No ._____________

PART TYP E TCYrAL K/la 6 HR S.

Resis tors  _________________________

Capacitors 
______________________ ______________________

Transis tors  ________________________ ________________________

Diodes ______________________ ______________________

Transformers 
_____________________

TO T A I A S SY X  ___________________/ lD 6 Hrs.

APPORTIONMENT Jio~ Hr s.

RE MAR KS

R/M Engineer__________________

FIGURE 3 AN/BQQ-1 OPERATING STRESS ANALYSIS SUMMARY SHEET
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V 3. Generation of Mathematical Models

a. Definition:

As defined in the Bureau of Ships Reliability and Maintainab ility

Training. Handbook , a system model is an analytical representation of the

system in term s permitting assessment of the characteristic ot~ interest.
V For this program the characteristic of interest is the overall system re-

liability in each of its operating modes.

S b. Procedures:

The procedure for generation of the system model will include the
following steps:

1) Generation of a Reliability Block Diagram wherein each

block represents one or more functionally dependent sub-assemblies , nbt

necessarily located in the same unit.

2) Arrangements of the blocks in functional sequence, indicating

those required for series , parallel or redundant paths.

3) Assignment or determination of reliability for each block.

4) Combination of the block reliabilities into a single mathematical

model which will represent the probability of system (o r  mode) successful

operation.

c. Purpose:

The development of the mathematical model and the Reliability

Block Diagram will make it possb~~ to evaluate system performance,

prior to actual production of the system , with regard to the following characteristics:

1) Identification of critical parts/assemblies.

2) Results of trade—off studies.

3) Reliability apportionment.

4) Failure modes and effects. V

5) Prediction analyses.
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4. Incorporation of Failure Modes and Effects Analysis in Prediction

A Failure Mode and Effects Analysis will be included as part of the

preliminary reliability prediction. Each block of the Reliability Block

V Diagram will be investigated for the effect of a shorted , open , or degraded

output on the model performance characteristics. The concept employed will be to

V seek the answer to the question , ‘ Given the fact that a block has failed in a

particular manner , what is the probability of system failure?”

Where a catastrophic system failure would result , an intensive effort Will

be applied to provide some alternate method of performing the same function

• by the use of other equipment. The redundancy inherent in the system design

will be utilized wherever possible to assure continuous operation.

5. Use of Data for Prediction

Failure rate data and prediction techniques will be in accordance with

V NA VSHIPS 93820 Method D except for the following:

1. Transistors other than stud—mou nted. Use MIL-HDBK-2l7.

2. Diodes other than stud-mounted. Use MIL-HDBK-2l7.

3. Tantalum Capacitors. Use MIL- HiDBK-217.

Where other NAVSHIPS 93820 Failure Rate data is used , appropriate
- 

V 

notation will be made on the Reliability Stress Analysis Worksheets.

Other data sources such as R aytheon’s own files, manufacturer ’s data ,

etc. , will be used where no inforna tion is available from the preferred sources

listed above. Additional supporting inforna tion may be supplied by test

programs inititated for Critical Parts.

All dat a sources will be clearly indic ated on every Reliability Prediction.

Copies of each Reliability Prediction including stress analysis worksheets

Will be subm itted to Bureau of Ships/Und erwater Sound Laboratory according

f- 6
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to schedule. The schedule will be updated as necessary to reflect redirection

of effort or changes in scope . Additional copies of all reliability predictions
- and analyses will also be submitted to the N avy Design Review Audit Teams as

required by contract

6. Periodic Review of Updating of Prediction

V The Reliability Predictions will be updated every 90 days to reflect

any changes in the design and configuration of the ANYBQQ - 1 System.

- Additional capabilities incorporated in the system and the changes incorporated

as a result of R/M Department recommendations Will be reflected in

• new failure rate apportionments and will require updating of predictions.

- Revised predictions and analyses will be submitted to Bureau of Ships and

V 
Underwater Sound Lab as they are generated.

- 7. Product Ident ification

In a continuing program of Reliability evaluation product identification
S 

is a primary requirement . A t Raytheon SSD an established procedure will

be followed for quick determination of the reliability status of the contracted

equipment using product identification charts. The inita l step in the procedure

- 
will be to define the System Reliability requirements and generate a block

diagram as indicated in Section f-3 . The previously determined reliability

requirements, having been divided among the individual blocks , will he
- further sub—divided into the separate sub-assemblies and circuit s which

V 
comprise these blocks . In conj unction with the configuration control , organiza-

- tion of the chart will be updated periodicall y to maintain an up to date listing,
V reflecting the latest changes in hardware . These hardware changes will be re—

flected into the overall Reliability Prediction and M athematical Models .
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g. DESIGN REVIEW

1. Integrated Design Review

An integrated design review effort will be included in the Dependability

Program to assure the adequacy of the equipment design. A series of formal
design review meetings will be convened as detailed in Raytheon Policy and

Procedures Manual, Procedure ElO. 004, included as Appendix A of this

section. In addition to the specified participants, government representatives

will be invited to attend. The Design Review Board will review all test results

on completion of testing. Figure I indicates the design review information

flow diagram that will apply to this program.

V 2. Independent Design Review

The R/M Department Will conduct an independent review of the

equipment design, in accordance with Procedure Number E8. 014 of
V Raytheon Policy and Procedures Manual, inc luded as Appendix B of

this section. The elements of the review will include the following:

a) Part Stress Analysis

b) Circuit Design Adequacy

V 
C) Statistical Circuit Analysis

d) Critical Parts Tests

e) Failure Mode and Effects Analysis

1) Part Specification Review

A detailed description of each of the above elements is contained

in the following sections.

a) Part Stress Analysis

A detailed stress analysis of each h art will be performed in order

to determine whether parts are adequately derated .
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Adequate derating is defined as less than 25% stress ratio for

all parts except tantalum capacitors . which will be less than 50% stress.

Part derating values will appear in the R/M Design Manual which will be

V 
distributed to all Design Engineers.

b) Studies will be conducted by R/M Engineers , to evaluate

- V circuits with respect to performance under adverse conditions of temperature

stress, transients, etc. with regard to significant parameters such as gain,

V 
phase shift, and stability. Particular attention is given to those circuits deemed

V 

critical in function. A design revie~ checklist will be employed as a minimum

effort on these circuits. (ref. EXHIBIT 1). Purchase Specifications will

be reviewed to determine part adequacy for the circuit application as well as

standardization of part types and values. Where possible , parts will be

V 
selected from military standard lists such as MIL - STD - 242 E and MIL-

STD — 701. Circu it simplicity and elimination of unnecessary parts will be

a primary consideration for the circuit de sign review. Non-standard part s~
Witere required , will be selected on the basis of established failure rates or

known reliability potential and capabilities . The independent design review

will include an investigation into the rai ge and sensitivity of potentiometers and

the possiblity of their deletion . Where a part failure may cause system malfunction

due to secondary effects , provision will be made to minimize these effects. The V

required changes fou nd by the R/M independent design reviews will be transmitted 
V

to the ind ividual circuit designer for incorporation into the circuit. An internal

R/M memorandum will record the recommendations for future reference

g-3
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at later reviews. The R/M Design Review team will be comprised of
V

S Electrical and Mechanical Design Engineers , Maintainability Engineers.

Thermal Engineers, Statisticians and Failure Ana lysis specialists for this

important effort .
V 

c) Statistical Circuit Analysis

As a result of a computer programs investigation , and re-

cognizing that the volume of output data will require significant analysis

and evaluation tim e, Raytheon will apply the following supplementary.

program for critical circuit design evaluation.

1) The circuits will first be classified on the basis of their

suitability for computer analysis , 1. e. , non-linear circuits which cannot

be piecewise synthesized linearly will not be computer analyzed. Sintlarly,

items such as integrated circuits for which no complete or precise data can

be obtained will not be computer evaluated. Every attempt , however , will

be made to adapt as many circuits as possible for the computer program.

2) All critical circuits capable of computer ana lysis will be V

evaluated for:

5 (a) Worst Case
V (b) Parameter Sensitivity

for DC and/or AC analysis , as required.

3) Those circuits in which costly or unique design components

are involved will be ana lyzed for tolerance settings by a one-at-a-time Parameter

Variation .

4) Those circuits which will specifically be high production

circuits will be analyzed statistically to determine probable yields.

g- 4
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It is intended that the ECAP progra m which I s running and de-

bugged at Raytheon be used. However , the potential advantages in term s

of time economy and less human error offered by NET -1 will not be ig-

nored , and may be developed as a parallel technique.

Finally, since the volume of effort involved and the time required
V 

for output data analyses (frequency response curve drawing, stability dia-

r grams , etc.) is very great , additional resources such as the ARIN C

analysis service will be considered as a subcontracting source .

d) Critical Parts

A critical parts program will be initiated. Result s from

testing of critical parts will be used as important inputs to the Design

Reviews. The critical parts program is discussed In greater length in V

Sect ion 2-h..

e) Failure Mode and Effects

In addition to the analysis of the syste m conducted

during the Prediction phase , a continuing Failure Modes and Effects

analysis effort will be applied during the Design and Development phase

V ( See Section D). The purpose of this effo rt will be to investigate the V

criticality of the subassemblies comprising the Reliability Blocks , and to 5 -

assure that proper precautions aretaken against the most damaging failure

modes. The results of the FM &E analysis will be provided as inputs to

the Design Review effo rt .

f) Maintainability and Human Factors Analysis

The Elect rical and Mechanical design will be examined

for ease of maintenance as well as operability during the independent design

g-5
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review phase. Consideration of sufficient test point s, fault isolation and I
location , self-test features and other trouble-shooting aids will be included
in the maintainability input to the independent design review.

The Human Factors input will include consideration of
location and ease of operation of controls , visibility and placement of operational 1

indicators , readability of meter , and other design features which enhance
the ease of operation of the equipment.

g) Parts Specification Review

V - 
Part specifications will be reviewed to determine that I

part requirements are detailed accurately and completely and testing require- I
ments are adequate for assuring proper operation in the equipment . R/M I

Component Parts Specialist will review the specifications and indicate approval

by sign—off . No parts specifications will be released for purchasing unless the
indicated R/M approval is given .

F - h) Circuit Simplification

The R/M design review effort includes an investigation 1
into the possible simplification of the circuitry , including elimination of all un-

necessary potentiometers or adjustments that are not operator controls. Where

V 
a potentiometer is required in a circuit , the range and effect of the adjustment -~

will be checked for compliance with the system specifications. Where unneces-

sary parts or overly complex circuitry is discovered , recommendations for

simplified approaches will be presented as an input to the design review effort. - 1
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The results of the independent design review, noted

above , will be documented in an Internal memorandum to the R/M Project

Engineer for incorporation into the Design Review Final Report.

As the results of the individual investigations become available , they will be
V presented personally to the responsible designer with a request for incorporation

of the necessary changes. Where other constraint s are imposed and the

designer cannot comply, the decision for incorporation will be determined by the

members of the formal Design Review thard .

3. Formal Design R eview

3. 1 Preliminary Design Reviews (Study Layout)

A preliminary review of each circuit will be conducted when the

electrical concept has been determined , prelimina ry parts list have been

completed and an initial layout is determined. The R/M Department will re-

ceive two copies of each preliminary schematic diagram and parts lists

for review . One copy will be used for the circuit stress analysis and cir-

cuit review . The other copy will be reviewed by the Failure Mode and Ef-

fects Analysis and Statistical Analysis engineers. Parts lists will be required

for the circuit ana lysis and the part specification investigations. Apprc~ i— 
V

mately one (1) week prior to the fo rmal review meeting , the mechanical

V packaging concept drawings will be submitted to R/M for investigation by

R/M Mechanical , Maintainability , Human Factors , and Thermal Analysis

perso~~ cl. The results of all the above investigations will be combined into

a single coordinated list of findings and recommendations to the Design

Review Board. Where R/M recommendations are incorporated into the

design by the cognizant designer prior to the formal Design Review Meeting,

g-7
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these recommendations will be deleted from the list . The advantages of personal

discussion between R/M and Design engineers are many-fold. Primarily ,

the changes can be easily made with minimum of drafting effort , if present

early in the design cycle. Secondly, many considerations can be revealed

S in discussions, which are not usually obvious from the circuit schematics

or the Study Layout drawings. Raytheon has found the above procedure to

be smooth working arrangement fostering mutual respect between R/M and

Design Engineers on the working level.

3. 2 Intermediate Design Review

This will be an interim review of unit designs allowing for incorporation

of necessary changes to Design Layout drawings ass result of the electrical
V 

review. The purpose as defined in Raytheon Procedure No. ElO. 004 (Exhibit II)

insure that the necessary change s are incorporated into unit designs as a

result of the Study Layout Review.

3. 3 Release Review

V This will be a final review for sign-off and release of manu facturing

drawings. At thi s point in time , the design is considered frozen and finalized.

The purpose and procedure for the Release Review as defined in R aytheon

Policy No. E 10. 004 , is a final review of all drawings and to freeze and de-

sign for a baseline configuration for Conf iguration Control..

3. 4 Design Review Schedule 
V

The design review meetings for each sub— assembly will be indicated

as milestones of the AN/BQQ - 1 PERT schedules. All personnel contributing
to these meetings can anticipate the scheduled reviews and will have sufficient
advance notice to properly prepare their contributions. Where slippage

occurs~ the event will be re-scheduled on the updated PERT charts.
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3.5 Navy Audit Team Submittal

A design data package will be submitted to the Navy Audit Team

approximately one week after the Preliminary Design Review Meeting .

V The package will include the Schematics and Parts Lists and Study Layout

drawings reviewed, with any changes incorporated which have been approved

V 
by the Design Review ~ oard. The RIM Department will submit separately

the circuit stress anaWses conducted during the independent R/M Design

Re view effort .
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EXHIBIT I

R/M DESIGN REVIEW CHECK LIST
V 

~ Purchase Spec Part Compatibility with circuit requirements.

2. Use of non- standard parts where standard parts are available.

3. Simplification and/or deletion of parts.

4. Substitution of inherently high failure rate parts with lower failure rate.

5. Worst case part tolerance.

6. Variability of par t parameter through environment.

7. Application and sensitivity range of potentiometers .
Deletion of potentiometers if possible .

8. Secondary effects of part failure.

9. Special transient considerations.

1 0. Input variations possible -- tolerance analysis.

1 1. Cost reduction at no degradation of reliability.

1 2. Circuit stability.

1 3. Reliability of relays - Diode Suppression.

1 4 . Agreement of major circuit performance parameters with unit specification
requirements.
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Procedure No 5 E 10 .0O

PROGRA M MANAGEMENT ~~~~~~ON POLICY & PROCEDURE MANUAL Revision % 1
Revisions noted by *

DESIGN REVIEWS

*1. PURPOSE

This policy is established because of increasing demand by mil i tary and commercial
customers for products which perform sat isfactor i ly ,  operate reliably in their specified
environments and are readily maintainable in the field . The current trends and require —

V ments , particularly of government agencies , in specifications , schedules ari d types
of contracts dictate increased emphasis  on the reliability and maintainability of designs .
Formal design reviews , at specific intervals in design and development programs are
intended to fulf i l l  these requirements . Desig n reviews of changes in articles released
for production are also established to assure full consideration of all relevant factors .

*2. POLICY

V 2 1 Formal Design re~ iews shall be imp lemented on:

2 . 1 . 1 All systems and desig n effor ts  including proposal efforts , when it
may reasonably be assumed that the end product will achieve produc-
tion status .

S 2 . 1 . 2 Design efforts on changes affecting articles either released for/or
V 

in production . V

2 . 1 . 3 Systems and design effor ts  on selected single items or system programs
which involve substantial  commitments of government and/or company
funds . V

2 . 1 . 4 All system and desig n efforts where there is a company or customer
reliability , maintainabil i ty or similar type requirement .

2 .2 This policy app lies to military sponsored programs .

2 . 3 Formal reviews of Raytheon designs , Subcontractor designs to Raytheon specif-
ications and design or spec ification changes will be conducted on all proj ects
per paragraph 2 . 1  unless specifically waived. Function Managers shall be
notified in writing of intent to waive . Authority to waive is delegated as follows:

2 . 3 . 1  Proj ects covered by paragraphs 2 . 1. 1 , 2 . 1 . 2 , and 2 .1 .3 :

a) Program/Project value - over $100 , 000 — Division General Manager

b) Program/Proj ect value - under $100 , 000 — Cognizant Program Manag~
55-,

2 3 V 2 Projects covered by parag raph 2 . 1 4 may only be waived by the Division
General Manager.

ISSU ED BY DISTRIBUTION 1 DATE PAGE 1
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No. E 10 .004 ~ ~~~~~~ON POLICY & PROCEDURE MANUAL 
I

PROGRAM MANAGEMENT

2~ 4 Function Managers may request consideration of waivers when such action
is believed warrented . -

2 .5  System/De sig n reviews shall be made a part of PMA Fending . Therefore ,
effort required for these reviews must be estimated and bid by functional
areas which may normally anticipate participation in such reviews .

2 .6  Additional reviews may be requested by Function Managers and Desig n
R~ .iew team members when believed warranted. Additional desig n reviews
shall be conducted at the discretion of the Cognizant Program Manager.

*3 DEFINLTION~

3 . 1 Formal Design Reviews will consist of:

3. 1 . 1 Preproposal Review: An appraisal , on a product basis , of the
suitability of the proposed overall System/Desig n approach for
meeting the spe cified requirements in light of competitive strategy,
design feasibility, reliability and maintainability, up—t o—date
techniques, productibility , cost and delivery schedule .

3 . 1 .2 Concept Review: An appraisal , on a product basis , of the overall
approach to a functional product or system in light of contractual
requirements , made at the earliest practicable time after issuance
of systems and unit specifications.

3. 1 .3 Electrical Review: A preliminary review , on a unit or su b _ m it basis
as applicable , of the electrical schematics and parts list , mechanical
study layouts and applicable packaging requirements . The review
is intended primarily to insure incorporation of reliability and main-
tainability factors and other contractual require ments in the basic
design .  Norm ally,  thi s review will be held at a time when prelim-
inary schematics and parts lists have been prepared , and after
prel iminary study layouts have been completed by mechanical design.
This should insure that the electrical and the mechanical design of

V unit  or sub-unit  has not progressed to a point where changes would
be both costly and time consuming .

3. 1 .4 Desig n Layout Review: An interim review of unit  designs . This
review should be held as soon after  necessary changes required,

V 

as a resul t  of electrical review , have been incorporated and design
layouts for ut~uts are compl eted. This review Is Intended to insure
that  ma in ta inab i l i ty , productibi li ty , value engineering and environ—
mental use factors  have been incorporated into the design. It is
intended that  thi s r eview shall be completed before detail drawings

ISSUED BY DISTRIBUTION 1 DATE I PAGE
Ilune 15, 1964 1 ~ ~lRev: 6/16/65 I
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have been started to insure that necessary changes may be
incorporated before drafti ng has progressed to a point where
changes become excessively costl y and time consuming .

3. 1 - 5 Release Review: A final review involving manufacturing drawings .
V This review is intended to insure that manufacturing drawing s are

- V adequate , accurate , and complete . This review should be held
as soon as possible after the necessary changes require d by the
design layout review have been incorporated and theV detail manu-
facturing drawing s are complete At this time the drawing s (layout ,
detail , etc V~~) shall be given the necessary sign— off approvals (Engin-
eering , Manufacturing , Product Assurance) .

3 - 1 ..6 Design Chang e Review: A review of major design changes occurring
after release to production . This review , when require d , must be
conducted prior to the issuance of an ECO .

V V 
3 ,2  Manufacturing Design Review Representative :

An individual appointed by the Manuf a ctur ing Manager , having overall
responsibility both for Manufacturing participation in design reviews and
to assure that the design , at the time of release, is ready for production .

3.3 Design Review Team:

Normally, the Design Review Team consists of the Systems . Design , and
Reliability/Maintainability Engineer(s) , the responsible Manufacturing Desig n
Review Representative , and the Design Review Chairman . Other specialists
may be added as required . The Design Review Chairmanship is normally
delegated by the appropriate Program Manager to the appropriate Engineering

V Projects or Proposal Manager. All other participants are assigned by their
Function Manager at the request of the Design Review Chairman .

V 3 . 4  Check — Lists:

For the guidance , as applicable , of the Design Review Team members . Check
Lists provided for this purpose are :

3 . 4 . 1  Systems Check List , Ex hib i t  11

3 , 4 .2 Check List for Electrical Design and Component Parts , Exhibit III

V 
3. 4 . 3  Check List for Mechanical Design Spe cialist , Exhibit IV

3 . 4 . 4  Value Engineering Check List , Exhib it  V

ISSU ED BY DISTRIBUTION QAT E PAGE
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*3~ 4~ 5 Rt~li~ bIllty Check List , Exhibit VI

* 3 .4 .6  Maintainability Che ck List , Exhibit VII

*4 RESPONSIBILITIES

4 . 1  Program Mana~~rs , or their delegated Design Review Chairman , will be
V responsible for conducting Design Reviews in accordance with this Policy

and the attached procedure , (Exhibit I) ,  as well as coordinating , resolving
differences, and reporting on all recommendations submitted. The Review
Team recommendations will be placed in either of two categories: mandatory
or desirable . Mandatory recommendations must be carried out by the designer;
desirable recommendations are at the descretion of the responsible design
group leader. Where desirable recommendations made by the design review
team are rejected , the cognizant design group leader must furnish in writing
to the Design Review Chairman his reasons for rejection , so that they can
be incorporated in the design review report . Mandatory changes shall include
those which are necessary to meet unit specifications , military specifications ,

V or special reliability and maintainability requirements . The Review Chairman
is further  responsible for scheduling reviews , notifying participants of time

S 
ari d place as well as review meeting topics to be considered and insuring

V the provision of necessary review material (drawing s , specifications , etc.)
to the participants at a reasonable (at least two (2) days) time prior to the
review meeting .

4 2 Function Managers will provide f or participation in Design Reviews by
designating qualified personnel and providing sufficient work time for
performance .

4.3  Representative s will prepare for Review meetings through study of design
drawing , specifications , et cetera , and participate with the intent of recom-
mending constructive design improvements .

4 4 The design of the product and its conformance to specifications is the
responsibility of the design engineering group, and the actions , finding s ,
and recommendations of the Desig n Review Team do not , in any way , relieve
the design engineering group of its assigned responsibilities.
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h . PARTS AND MATERLZ~LS CONTROL. (MIL-E-16400)

1 .0 Purchase Order Review and Sign—Off

Purchase orders for parts and/or materials required for the AN/BQQ- l ( )

Program will reference the applicable paragraph s of relevant specl icatlons ,

V 
define any parameters of specific interest , note special requirement s and

will preferably require Government source inspection.

2 . 0  Specification Sheets Review and Sign-Off

Parts and/or materials required for the AN/BçQ-1 ( ) Program shall comply

with the Raytheon Specification Sheet and/or Applicable MIL Specifications .

V Where no approved specifications exist , a Raytheon Specification Sheet shall

V be generated for that item . Each Raytheon Specification Sheet relevant to the

AN/ BQQ- 1 ( ) Program shall be reviewed and approved by the R/M Department .

The Purchase or Manufacturing Order for any item shall contain reference to the

Raytheon Specification or MIL Specification for that part , together with any spe-

cific requirement .

3 . 0 Critical Parts Testing

Parts deemed critical to the functional operation of the AN/BQQ-1 ( )

System , shall be subjected to a test program specified by the R/M Department .

The progra m shall be designed to assure f unctional  capabili ty within the re-

quired environmental l imits.  Testing may include tests to failure , accelerated

life tests , special environmental tests or infrared tests (See Paragraph 4 . 0).

4.0 Infrared (IR) Testing

Supplementary test program will be Incorporated In

h-i
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V the AN/BQQ- 1 R/M analysis effort , using infrared scanning techniques , of active

circuits to provide information as to their performance . Basically the program

will be divided into three discrete parts; f irst , a plan for inspection for design

purposes of the IR topography of selected circuit board s in the system , second—

V ly, a testing program for monitoring the radiance variation on a representative

sample of approximately twelve circuits considered critical from a reliability V

standpoint , and thirdly , a program of testing for adequate Internal thermal

conductivity for semiconductor com ponents . Infrared testing will provide capa-

bility for assessing the junction to case conductivity or semiconductors.

5 0 Vendor Monitoring and Approval

Parts and material vendor s for the AN/BQQ-1 ( ) Progra m will be monitored

V in accordance with the Quality Assurance practices referenced In Section k , Para-

gra ph 2 . 1 and 2 . 2 .  Vendors selected to supply parts and materials for use on the

— AN/BQQ- 1 ( ) Program will be fully approved in compliance with provisions of the

Raytheon Quality Assurance Manual and MIL-Q-9858A .

The Product Assurance Project Manager will be consulted in selecting ven-

dors for critical parts.  He will provide R/M participation in reviews of vendor

Quality and Reliability capability and will assist  in evaluation of vend or ability

to meet the requirements of the Dependability Program . He will also monitor

recommendations for upgrading vendor product reliabil i ty,  specifying special

tests to be performed on critical parts , and arrange for providing vendors with

reliability data generated by Raytheon on critical part s.

Alternate source parts and materials vendors shall demonstrate capability to

h -2
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meet this Dependability Program in the same manner as other vendors.

6.0 Oji ality Control (Incoming Inspection)

Parts and materials supplied in conformity with the foregoing provisions shall

be subject to Incoming Inspection practices in accordance with Raytheon Policy

- 

V and Procedure s Manual .  (See Figure 1).

Incoming material will be inspected in accordance with Raytheon Quality

Assurance Manual .  Sampling , will be in accordance with MrL—1 05D. AQL sha ll

be adjusted for critical characteristics. Specifications and procedures for

tests of special and critical parts will be generated by R/M Department . In—

V coming Inspection shall notify R/M Department on receipt of material that calls

for testing in the procurement documents.

V The Product Assurance Project Manager shall insure that results of this testing

and data generated are properly recorded and sent to vendor if necessary .

Rejected material shall be proces3ed through the Materials Review Board

in accordance with the Qua lity Assurance Manual .

On every rejected characteristic , the vendor will be required to satisfy

Quality Assurance that adequate measures ha ve been Implemented to assure non-

recurrence.

Pending the demonstration of the effectiveness of measures taken by the

vendor to correct the causes of such rejections , this item shall be processed

to a tightened AQL.

The Product Assurance Project Manager will act to ensure close liaison S

between Incoming Ir spection , Vendor Quality Control Engineering , R/M Department

h- 3
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and Design to insure that project goals are adequately supported .

-
. 7 .0 Production Handling Procedures

V The storage and handling of all AN/BQQ- l part s and materials will be in

- accordance with Raytheon Policy and Procedure s for all controls necessary to V

V Identify this material and prevent degradation in storage .

The Manufacturing Practices Review , referenced in Section K , Paragraph 1,

shall be particularly applicable to the production handling of parts and materials.
V 

Such Manufacturing Practices shall delineate the directions , controls and eva-

luation necessary to assure the maintenance of good workmanship procedures.

Items rejected as unsatisfactory by visual and mecha nical inspections and

V tests throughout the production phase shall be tagged and processed in accor- 
V

dance with the Failure Reporting and Analysis directives referenced in Section M.

The Product Assurance Project Manager will review a summary of all In- V

spection including both quality trend s and cumulative totals of inspection rejec-

tions to be submitted to him on a weekly basis by Quality Assurance .

8.0 Non—Standard Parts

Non—standard (special and critical) pa rts listings will be reviewed and con-

tinually up dated to minimize the variety and number of such Items. Where non-

standard and parts approval requests are necessary the requests will be reviewed V

V by the Product Assurance Project Manager for compliance with MIL-STD-749 .

Non-standard part waiver approva l requests will be reviewed by the R/M Corn— V

V ponents Engineers for validity prior to submittal  for customer consideration . 
-

Such reviews will take Into account any previous part history , test data and

h-5
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V . -

reliability stress analyses which could provide Dependability back— 
S

ground . The Raytheon Specification Sheet for any non-standard item will be

reviewed and approved as delineated in Para gra ph 2 above .
V 

9.0  Preferred Parts V

V Standard preferred parts listings will be generated and maintained for new

designs. These listings will be subject to review by the Product Assurance

Project Manager . The review will take into consideration the associated Ray—

S 
theon Specification Sheets or app licable MIL Specification for compliance with

V 
MIL- STD-242E relative to the application .

10.0 Sub-Assembly Testing

V The parts and materials control loop will be closed by the monitoring of all

sub—assembly , module and unit production testing . The resulting test data will

be analyzed to assure the completeness of the test program in determining the item

capability . Malfunctions arising during such tests will be reviewed to determine

part of material contribution . Part or material failures will be processed as in-

dicated In Paragraph 6 above . Corrective actions , as necessary , will be gen-

erated and submitted to the Product Assurance Project Manager for approval. On

approva l , such corrective action will be implemented and the results monitored

to assure the validity of the follow-up action .

11.0 Use of Failure Data Sources

A continuous review program of failure data sources will be maintained .

Consideration will be given to such relevant sources as previous “in—house ”

test reports , previous and current field failure report and analyses , applicable

h-6 
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I
I IDEP component part tests report and other vendor or technical literature for

I additional part data .

I The information derived from this review will be applied to part selection ,

reliability and maintainabili ty apportionments a rid predictions , and as back—

- f ground data for design reviews.

I 
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i. CONFIGURATION CONTROL

1. Under the Raytheon Submarine Signal Division Configuration

Control System, Engineering drawings are released for distrthution with specific

effectivity and with proper Engineering approvals. Master record cards

are maintained to indicate the latest drawing change letter applicable and

— other Engineering, Purchasing or Administrative Departments.

The Engineering L/M release constitties an equipment con-

figuration “base—li ne ” to which all subsequent engineering design changes are

applied. Upon receipt of the Engineering L/M release , Q. C. configuration control

personnel develop: (1) a Master Configuration Log in numerical sequence for

each Contract End Item (C.  E. L ) ,  and (2) a Master Configuration Log in

numerical sequence for the equipment system. The first master log is

applicable to the final shipment of all C. E. L ‘s, while the second master list is used

V 
as a working document by Q. C. Inspection and Test. From the master

configuration log, Assemb ly Cont rol Documentation Requirment s forms

V are filled out for each assembly and issued to the Inspection and Test de-

partment stations.

As the fabrication cycle commences , Q. C. configuration status

cards are attached to various assemblies. - These status card s card s denote

the assembly number , drawing revision , and the L/M revision to which the

a ssernbly was made. Once the assembly is delivered to the inspection station

the inspector checks the master configuration log to determine whether or

not there have been any additiona l design changes. He then inspects the

assembly to the lastest revision and verifies (by  stamping the configuration

i—i V
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status card) that the assembly was actually made to the latest design con-

figuration. The Assembly Control Documentation Requirment s informatio n ,

previously supplied and continously updated , is used as an aid in performing

these inspection functions.

As lower level assemblies are combined to form a Contract End

Item, a configuration status card for the C. E. L is attached , noting the

assembly number , drawing revision , and L/M revision. A further check is

then made of the revision to which all the lower level assemblies were made.

These lower level assembly configu rations status cards are forwarded to

the configuration control center where the information is posted to a master

C.. E. L configuration record. At this time ,. the revision to which the

lower level assemblies were made is verified (by stamping the appropriat e

drawing revision) in the master configuratio n record. Serial numbers are

recorded , test and inspection reports are reviewed for ec mpleteness and
V 

attached , and the C. E. L is prepared for shipment. As a final configuration

V verification prior to shipment all configuration records are checked against

V the master configuration log and become a part of Q. C. ‘s permanent records.

These revision changes are introduced into the Q.. C. configuration control

system at the Master Configuration Log Level. These changes are recorded

at this level and are then issued to the inspection stations as revisions. This

sequence is done immediatley upon receipt of the design change notice , thus

minimizing costly rework due to improper equipment configuration level.

The ECO Processing cycle , the configuration control flow , and the configuration

control records are shown in Figures 1, and 3, respectively.

i—2
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1 2. The Dependability Organization is phased int o the program by notification

of all changes in status of the equipment configuration through daily change

I reports from Engineering, and overall system summary reports from

Configuration Control. The changes will be evaluated for impact on

4 maintainability and reliability and predictions and models will be updated V

to reflect new configurations on a monthly basis.

r
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J. SUB-CONTRAC~lt R AND VENDOR CONTRO l.

1. Application of Dependability Program to Sub - Contractors and Vendors

A sub—contractor and vendor surveillance program will be im-

plemented to assure adequate supplier Dependability procedures and techniques,

V compatible with Raytheon practices. In conjunction with vendor monitoring

and approval policies , (Section h , Paragraph 5) suppliers of subcontractors

and major non- standard parts and materials procured for the AN/BQQ- l
Program will be required to show complianc e with specified reliability

S 

requirements. Subcontractors will be notified of the Reliability apportion-

ments and will be continually monitored as to their achievement of these goals.
Surveillance of suppliers processes and test methods will be conducted

by the Quality Assurance Department Vendor Surveillance teams. A report
will be generated for each supplier surveyed and a constant check will be
maintained at incoming inspection to determine continued quality of product.
Where large improvement s in reliability are obt ained , the manufacturer ‘s

— apportioned reliability goal will be up-dated and trade-offs made. The Sub-
contractors will be required to submit periodic R &M status reports.

2. Monitoring of Supplier H & M Programs

The subcontractors “in-house” R & M procedures will be reviewed
for adequacy. Where the extent of the sub—contract requires “ on-site”
monitoring, a resident Raytheon representative will coordinate supplier and
Raytheon H & M programs. The resident Raytheo n representative will
m0~1t~r sub-contractor fabrication proc edures and testing. Periodic up—
dating and feed-back of data will provide a continuous measure of progress toward
the apportioned goals .

i—i
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3. Vendor Dependability Program s (Critical Part s)

Critical Part s, as determined by Sections D & F will require closer

scrutiny by Raytheon. The suppliers of critical parts will be required to

submit test dat a along with delivered parts The test data will be in-

corporated in the Raytheon Predictions and Apportionments as modifications

of the basic part failure rates. Periodic audits will be held at the
V vendors facilities to rev iew processes and discuss problem areas.

4. Specification Control on Non-Critical Components

Suppliers’ purchasing specifications will be reviewed as required

to assure the use of MIL part s and mate rials in accordance with MIL— E-l6400.

Where sub—assemblies are supplied a review of vendor stress analyses

will assure adequate derating of par ts.

5. Qualification Testing ( I f  Required)

Vendor qualification test programs will be reviewed and approved

by Raytheon prior to the start of testing. Evaluation of sample sizes for

statistical significance as well as stresses applied and accept/rej ect

criteria will determine Raytheon confidence in test results. Test data

will be supplied and reviewed prior to lot acceptance.

6. Vendor Facilities Inspection

In conjunction with Raytheon Quality Assurance Vendor Survey

Teams , H & M representatives will evaluate vendor capability and review

vendor H & M prograim. The Vendor Survey Team will define minimum

acceptable facilities and submit r ?orts of all vendor investigations .
V The results of these surveys will be maintained on file and up-dates as

required by program changes .

j — 2
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S k. MANUFACTURING CONTROL

INTRODUCTION

In order to assure meeting of Dependability goals for the ‘65 Buy of

AN/BQQ-l integrated sonar systems , the Quality Control Department will

play a vital role .

Besides implementing the relevant portions of the Q. C.Program Plan

for the ‘65 Buy , in which appraisal of quality and feedback of quality data

to cognizant areas are both covered in detail , all of the Q. C. effort will

be reviewed for adequacy of coverage .

This review will cover the phases of Q. C. activity listed below , as

well as any others which may be already in existence or developed during 
V

the subject contract:

1. Adequacy of the Quality Assurance Manual , both as to its rela-

tionship with MIL — Q—9858 A and its comprehensiveness as a sup- 
V

port function to Reliabili ty/Maintainabili ty.

2. Adequacy of the Workmanship and Standard s Manual  as delineating

practices that minimize degradation of Reliability and/or Main—

tainability and assure compliance with applicable portions of

MIL—E —1 64 00 .

3. Adequacy of all inspection procedures In appraising factors which

will contribute to or degrade the Reliabili ty/Maintainabili ty of the

equipment .

4 . All Inspector/Tester reports will be reviewed for awareness of

and applicability to the Dependability concept.

k-i 
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V 5. Configuration control and configuration status will be reviewed

for adequacy . All configuration information issued by Q. C.

will include the Dependability funct ion  in the distr ibution.

6. Sta t is t ical  analyses of Q. C. data will be joint ly  reviewed

and the type s of analysis  will be apprai sed for adequacy

of coverage in the dep endabili ty area .

7.  Quality Planning will be reviewed for dependabil i ty adequacy;

and all jointly agreed on supplements  incorporated to max-

imize equipment dependabil i ty a nd/or effective dependabili ty

management .

8. At the action level of the Q. C. effort , the interfaces between

Q. C. and Rel iabi l i ty/Maintainabi l i ty  can best be il lustrated

with a flow chart .  Figure K-i  i l lustrates the constant inter-

change of information that takes place throughout the design ,

fabrication and shipment  of AN/BQC-l equipment between the

two func t ions .

1. MANUFACTURING PRACTICES REVIEW

All standard and any special Manuf ac tur ing  Practice Procedures

ge nerated in support of this project will be reviewed . The review shall  be

performed during the closing stages of the equipment design and development

phase. A panel comprising representat ives of Industr ia l  Engineering , Sys-

tems Engineerin g , Quali ty Assurance and R/M shall verify the complete-

ness and determine the appl icabi l i ty  of these procedures to the Manufactur ing . 
V
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S Product Program. The procedures shall be reviewed periodically , at S

intervals determined by the initia l Review Panel , to assure continued

V validity and applicabi l i ty  to this project .

Any new Manufactur ing Practice Procedures and/or amendments  to

existing procedures , submitted subsequent to the initial  review shall be

approved prior to incorporation into the Integrated Sonar System AN/BQQ-l ( ) 
V

Standard Manufactur ing Practices Manual .

2.  V MONITORING

The following areas of Production Activity shall be monitored:

2 .1  VENDOR SELECTION

It shall be determined that  selection of sub—contractors and

vendors is on the basis of capabi l i ty  to meet with Dependabili ty Program

requiremen ts. Procurement documents shall be reviewed to assure the in-

clusio n of adequate vendot task def i r i iLio n in the area s of equipment  or part

fu nction , performance , rel iabi l i ty and ma in ta inab i l i t y . The Vendor Quali ty

Control shall be responsible for providing the minimum acceptabil i ty stan-

dards to be imposed on suppl iers .

2 . 2  VENDOR SURVEILLANCE

The vendor shall  be required to submit an acceptable Dependab i l i ty

Program Plan.  The Vendor s Dependabi l i ty  Plan shall be approved by the

Product Assurance Project Manager . Any amendments  to the vendor plan

a s submit ted , which are required by the Product Assura nce Project Manager ,

shall be Implemented .
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2 . 3 PROCESS DEVIATIONS

The Quality Assurance representative at any facility en— V

gaged in manufacturing against  the AN/BQQ- l ( ) project shall bring to the

notice of the Product Assurance Project Manager any deviation from the

Raytheon Manufacturing Practices as approved in Paragraph 1 of this

V section. V

2 .4  MANUFACTURING SURVEILLANCE

It shall be the responsibility of the Quality Assurance

representative to advise the Product Assurance Project Manager of the

status of “Incoming ” and “ on—line ” inspection problems.

- - The Product Assurance Project Manager shall be included

on the distribution of all manufactur in g inspection summaries and test

reports.

2 .5  WORKMANS HIP

The implementat ion of measures designed to mainta in  an

index of equipment depend abili ty is contingent on the standard of workman—

V ship applied during manufacture . To complement the existing procedui~~s ,

Personnel In conjunction with the Quality Control Dep artment will conduct

a ma nufacturin g Indoctrination and dependabili ty training program. The

training progra m will emphasize  the re sponsibili t ies of the individual  in

the manufactur in g  of equipment .

k-5
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3. RELIABILITY SAMPLING AND TESTING

In conjunction with Quality Assurance and Manufacturing Control

schedule s , a program of reliability testing during equipment manufacture

will be implemented. Randomly selected samples from each leve l of equip—

ment configuration will be subjected to tests designed to validate reliability

predictions and evalua te performance .

Manufacturing techniques which are determined to be contributory

, factor s to any failures occurring during these tests shall be immediatel y

‘ corrected .
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1. COST EFFECTIVENESS

Considerations of cost-effectiveness with regard to maintainability or

reliability trade offs , will be investigated. These will include use of

throw-away modules, replacement at lowest repairable level and replace

versus repair concepts.

The Dependability Organi zation will evaluate and approve all cost

reduction suggestions for impact on system dependability. The primary pur-

pose of this review will be to screen out those cost-reduction ideas which

will significantly degrade the system V
d~pendability Areas ol investigation

will include standardization of parts, changes which enhance interchangeability,

less costly fabric ation techniques, easier assembly procedures, and

elimination of costly processes.

Value Engineering concepts will be applied to those areas where redesign

V cost reduction will provide equivalent performance without degradation of

dependabillty .~
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m . FAILUR E ANA LYSIS AND CORRECTIV E AC TION

General

Just as design review is one of the most important areas of reliability assurance

during a development program , a comprehens ive failure analysis and corrective

action program is of equal importance during equipment production Raytheon

Submari ne Signal Division has extensive experience in the conduct of such programs ,
V 

and standard policies and procedures have been developed for recording and pro-

cessing in-p lant failure data . Field failure data reported on BuShips Form 10550-1

can also be processed , and field failure analyses are currently being performed

under Contract Nobsr 91276. However , since this program plan is concerned

primar ily with an in—p lant failure analysis program for AN/BQQ-1 fiscal ‘65 Buy

systems , only the in-plant procedures are detailed here . Figure 1 is a flow chart

outlining these procedures .

In-Plant Failure Analysis

Failures experienced during system test , uni t test , module test , or other special

in -plant iest (such as environmental tests of subassemblies) are. reported on

Reliabili ty Data Reports (Figure 2). These are thr eVe. VVpart, tag-type forms consist-

ing of bristol top and bottom cards and a tissue center sheet V When a failure, occurs ,

the tissue (Venter sheet is forwarded to Production Control , which issues a replace-

ment part to the test area . The failed part , with the bristol RDR tags attached , is

sent to the Components Analysis Laboratory , where the failure is verified and the

part analy zed for failure mode and mechanism. When the part analysis is corn-

pleted , the part is forwarded with the RDR tag to the Material Review Board (MRB)

area for disposi tion , and the original RDR card , which now contains the coded

laboratory failu re mode analysis , is sent to the Dat a Processing Group for key-
V punchi ng. In addition , a detail ed In-Plant Failed Part Anal ysis Report (See Figure 3)

is sent to the responsible Reliability Failure Anal ysis Engineer.
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EON FAILED IN-PLANT PART ANALYSIS REP ORT

SUBMARINE SIGNAL
DIV ISION

NO. ____________________

ROR N O V  ~~~~~~~~~~~~~ DA T E :  ________________________

RAYTHEON PART NO. ______________________________________ PART DESCRIPTION _______________________________________

UNIT NO. - SUBASSEMBLY NO. __________________________

MANUFACIURER _________________________________ MFGR S DATE CODE ______________________________

REJECTI ON CODE RDR

FAILED PART ANALYS1S: —

DATE: SI GNATURE

REMARKS:

DATE: ____________ SIGNATURE _________________________

PRIMARY FAILURE DINDUCED FAILURE

SEC ONDARY FAILURE E Te,~

0 VEND OR O V A . PR OBLEM fl Mf gr .

M I S A P P L I C A T I ON Imp.

~T O BE COMPLETED BY LAB. PERSONNEL) 80-0252

V 

FIGURE 3 IN—PLANT FAILED PART ANALYSIS REPORT
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V The Reliability Failure Analysis Engineer is assigned specific failures for analysis

and resolution , and is responsible for assuring that these analyses are comple te , tecn-

nically correct , and that corrective action is taken where necessary . The Environmental

Test Laboratory and the Components Analysis Laboratory assist the failure analyst by

performing part and assembly tear-down , special chemical , metallurgical and microscopic 
V

tests , environmental tests , and new-part and material evaluation. During the course of his

investigation , the failure analyst might perform any or all of the following tasl~s:

I. Review of part specification requirements ;

2. Review of circuit parameters and stresses ;

3. Review of part application;

4 . Review of part previous fai lure history;

V 5 . Request special environmental tests ;

6. Request that a vendor survey be made; and

7 . Review inspection and test requirements .

V. The results of the analyis tt s investigation are documented on the reverse side of the

In-Plant Failed Part Analysis Report. Thus , all essential technical data related to one

specifi c investigation are retained in a single data package (see Figure 4).

Aids to the analyst in this work are the periodic and cumulative failure data run-offs

which are prepared by the Data Processing Group , These run-offs contain failure infor-

mation sorted by unit (reference designation) and by Raytheon part number. The dat a is

processed to indicate frequency distribution of failures , to isolate possibly signifi cant or

critical failure groupings , to validate part and system reliability estimates , and to assess

V the effectiveness of design and procedural modifications which are initiated to reduce

failu re frequency. Failure i nformation is disseminated throughout the Division so that all

production and support departments are aware of part failures and of design or procedural

problems which effect thei r operations . This specifically includes Manufacturing. Engi-

neering, Purchasin g, and the various Product Assurance functions .
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I E~~
ON OVERALL SYSTEMS EFFECT OF FAILURE

- ~ueMARINE SI GNAL
- DIVISI ON

0 ACTIVE MODE FAILURE

4 1J PASSIVE MODE NEGLIGIBLE

RE DU CED CAPABILITY

RESULTS OF CIRCUIT ANALYSIS ~. CONCLUSIONS ________________________________________________________

-1 LV

I 
______________________________________________________________________RELIABILITY RE COMMENDATION: _______________________________________________________________________________—

1:

CORRECTIVE ACTION:

.
~ 0 RCAR NO.________________ 0 MRB ACTION ________________

0 ECO NO.________________ 0 Scra p

0 iCR NO.__________________ 0 u~~ as

V 0 VCA NO. __________________ 0 Rework
RMM NO.________________

DAT E S I GNATURE ______________________________

(TO BE COMPLETED BY RFA ENGINEER) 80-0252

FIGURE 4 IN—PLA NT F .P .A .  REPORT
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Studies of recorded repair times also will be made to determine areas in which main-

-
- tainability should be improved. Such analysis migh t result in recommendations for part

relocations , improved packaging, improved wiring routes, etc..

- A meaningful failure analysis program must include procedures for effecting timely

corrective action. Date collection and analysis is a means , not an end. Raytheon Sub Sig

Div has developed practical corrective action procedures which assure that :

- 1) Timely corrective action is taken

2) Accurate and complete records of corrective action are maintained.

This corrective action proceedure uses the standard Engineering Change form, which

- 
is called a Reliability Corrective Action Request (RCAR), when it is initiated by Reliability

V 
Engineers as a direct responsibility of failure Analysis (see Figure 5).

An original RCAR and two copies are initiated , dated and assigned a particular order

number; one copy is retained by the originator for file and follow-up and two copies are sent

to the responsible project engineer. At this stage , the RCAR contains a statement of the

problem and the Reliability corrective action recommendations . The Project Engineer now

reviews this request with the appropriate engineering activity . For example , design defic-

ienci es are reviewed with Design Engineering, systems deficiencies are reviewed with

- Systems Engineering, etc. The resultant corrective actions are then noted by the Project

Engineer on the RCAR under the title of Action To Be Taken and a copy with this infor-

mation is returned to Reliability . Addition al copies are routed to the Raytheon Floor

V Change Team of which Reliability is a member , where effectivity is established and final

signature approval is obtained. The RCAR now becomes an Engineering Change Order

- (ECO) and the mandatory corrective action ioop is closed.

- In order to preclude the possibility of shipping systems or equipments having outstanding

RCA R’ s, the Reliability Department uses an URGENT discrepancy report. This report ,
- (Fi gure 6) is distributed to Quality Control Engineering , Design Engineering, i .e.  (cog-

- 
ni zant design engineer) , Inspection Purchasing and Material Control requiring that  a HOLD

he i mposed on equipment ready for shipment until final disposition is obtained. This action

assures that equipment having unresolved problem areas cannot he shipped until satisfactory
- resolution has been obtained .
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- .1 ~~~~~~ON DISCREPANCY REPORT

SUBMARINE SIGNAL
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4 DAT E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  NO.

NOTED BY _____________________________________ DEPT . NO.
PART NAME _____________________________________________________ REF. DESI G. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RAYTHEON P/N _______________________________ CONTRACT NO. _ _ _ _ _ _ _ _ _ _ _ _
--

DESCRIPTI ON OF MA LFUNC T ION OR FAI LURE , AND R ECOMME NDED DISP OSITI ON 
-

~~~

FINAL DISP OSI T I ON , IN HOUSE:

RECOMMENDED DISPOSITION, FIELD:

VENDOR

TOTA L QUANTITY AFF ECTED _ _ _ _ _ _ _ _ _ _ _ _  P. O. NO. _______________

DISTRIBUTION: RELIABILITY (2) QUALITY CONTROL ENGINEERING (1) INSPECTION (2)

S 
COGNIZANT DESIGN EN GINE ER ( I )  PURCHASI NG (2) MATERIAL CONTR OL (2)

80 V 0225

FIGURE 6 DISCREPANCY REPORT
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n.. TEST AND DOCUMENTATIO N

This section describes the tests to be performed on the AN/BQQ-1

Integrated Sonar System to demonstrate compliance with the dependability

requirements. The demonstration testing will be performed in two phases ,

with dependability derived from the cumulative equipment hours.

Demonstration Test Phase I

Phase I demonstration will be in accordance with the Life Demonstration

Test plan as follows :

1.0 SCOPE

A demonstration Test will be performed on a Service Test Model

of the AN/ BQQ-1 ( ) Integrated Sonar System in accordance with requirements

of Contract NObsr 93138 Task “C” Paragraph 4. 3. 5. The purpose of this

test is to evaluate the performance of a complete Sonar System configured

from Retrofit Ill hardware in combination with equipment similar to the

AN/BQQ-1B Integrated Sonar System. The results of this demonstration

test will be applied as improvement s to production equipment of the AN/BQQ _ 1 (

~ t ~~~~
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2.0 APPLICABLE DOCUMENTS

The following document s of issue in effect at the date of contract

will be applicable to the extent specified.

1. MX L — S - 2 2 9 7 4

2. MI L — S — 2 2 7 3 2

3. Raytheon Test Procedure

3.0 TEST PROGRAM

The demonstration test will be conducted as follows:

An in—plant system test will be performed with the transmitter

operating into a test fixture or dummy load. The equipment grouping will
V approxim ate that in an actual submarine installation as nearl y as is practi-

cable . The purpose of this is to demonstrate the life capabilities of a re-

trofitted system as a worst case condition . An active mode of the system

will be demonstrated concurrent ly with a passive mode , with other

modes being tested for operability. The test procedure employed will

be essentially the same as used on a prior BQQ-1 test (BQS - 6A Set’. # B-4

dated Sept. 1964). At the conclusion of this demonstration test a decision

will be m ade by BuSh ips Code 1632 as to an~’ additional testing requirements

to be applied to the production systems.

The detailed test procedure for the demonstrati on test will

be prepared by Raytheon SSD and submitted for preliminary approval

to the Underwater Sound Laboratory prior to submission to Bu Ships for

final approval. Bureau or Agency approval will be obtained prior to set~i~g

up test equipment .

n-2
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4.0 TEST ENVIRONMENT 
V

The testing of the equipment will be carried out in the

following environm ent:
V Temperature 25 ± 5° C (68 ° to 86’})

Vibration ± 1 G at any non-resonant frequency

between 20 and 60 c. p. s. measured

at the equipment mounting point s.

Duration of vibration will be at

least 15% of total test time (approximately

10 minutes per operating hour). Vibration

technique will be in accordance with
V paragraph 4., 2. 3. 1. 2. of MIL — fl—22732 .

Heati~~((~ooling The equipment will be exposed to the

upper half of the temperature limit

at least 50% of the test time.

Input Voltage Nominal. V

Tes~ o~erat lng 3 1/2 hours operating, 1/2 hour off.

5.0 FAILURE CRITERIA

A system failure will be chargE d if the performance of the

system degrades below the value specified in Table I of the Dependability

Supplement for the particular operating mod e, or if a failur e occurs in

a series circuit that prevents performance of the designed function for the

mode. However , a system failu re Will not be charged if the malfunction

can be corrected by demonstration of adequate performance of the required

function using an alternate equipment confignration . A ll malfunctions will

n-3___ 
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V 

be recorded with the resulting quantitative degradation. If the malfunction

is repaired , an assessment will be made to determine if the cumulative

degradation results in out- of- specificatio n performance.

Failures are classified as either relevant or non-relevant . Only

relevant failures shall be counted in the computation of the demonstrated

MTBF.
V 

RELE VA NT FAILURES

Relevant failures are those failures attributed to:

V (1) Design defects

(2) Manufacturing defects

(3) Parts defects , including missing or wrong parts

(4) Unknown cause

(5) Ra rLdom sources

NON- RELEVANT FAILURES

Non-relevant failures are those V failures attributed to:

(1) Accidents or mishandling

(2) Operator error

(~) Installation error

(4) Dependent failure

(5) Test or monitoring equipment failure (if nqt built in testequipment )

(6) Maintenance

Recurring failurre events resulting from the same cause shall

be chargeable only once as a relevant failure. It must positively shoW

that the failures are due to the same cause before they are to be classified

as recurring events.

n-4
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6 .0  ACCEPT/REJECT CRITERIA

The following accept/reject criteria apply:

The system will be operated in an active mode for the maximum

time available , after suitable burn-in , that will be consistent with the
proposed delivery schedule of 1 Apr il 1967 . If at the end of this time suit-

able reliability has not been demonstrated , or whe n more than 13 failures

have occurred , Raytheon SSD will provide all test failure data to the

Bureau of Ships Code 1632 will provide all test and failure data to the

Bureau of Ships Code 1632 for a decision as to accept , reject , continue

[ testing the system or perform testing on other system s.

The system shall be operated concu r rent ly in the Passive

Detection mode of operation for the same time. If at the end of this time ,

suitable reliability has not been demonstrated , Raytheon SSD will provide

all test and failure data to the Bureau of S~~ps Code 1632 for a decision

as to accept , reject , continue testing the system or perform testing on

other systems.

FAILUR E CR ITER IA PA SSIVE MODE

A. NOT ACCEP TABLE

(1) Seven failures of any type
B. ACCE PTAB LE

(1) Three or less failures

(2) Six or less fai lures , provided that three or less are

random and the Burea u of Ships Code 1632 approves corrective action.

C. NEGOTIABLE

( I )  Six or less failures , provided more than three are

ra ndom.

n-5
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SYSTEM ACTIVATION TEST

The system will undergo t est cycles from Active Listen

to Transmit condition. Failure to operat e after activation shall be a

cyclic failure. Acceptance criteria are given in the followi ng tablet

NO. OF CYCLES ALLOWANCE FAILURES

230 0

390 1

530 2

643 3

790 4

915 5

1025 6

7.0 RECORDS AND REPORTS

Records and reports will be in accordance with the requirements of

MIL - R-22732. A Final Report will be subm itted 30 days after completion of

testing.

~.0 MA INTA INABILITY

All maintenance and repair actions will be monitored during this

demonstration t est .

Demonstration Test Plan - Phase II

Phase H De monstra tion Test will be applied to the AN/BQS - 6 ( )

Production equipments Serial #2 and #3 for the purpose of accumulating

suffici ent operating t ime  to assure adequate confidenc e in demonstrated

dependability. The conditions for test as well as the Accept/ R eject Criteria

will be in accordance with the Dependability Supplement . The detailed

test procedu re will he submitted to I~nde i ~v at er  Sound Laboratories for

n-h
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preliminary approval , and to the Bureau of Ships at least 60 days prior to
V 

- 
the start of testing. The system will be operated after a suitable burn-in

L using a configuration approximating submarine installation as closely as
V is practical. These tests will be performed at the Raytheon facilities.

A final report will be provided at the conclusion of each phase of testing

V in accordance with MIL - R- 22732.
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o. PROGRAM REVIE W AND REPORTS (Figurel)

1. Periodic Review of Program

The overall Dependability Program status will be determined from

periodic correlation of individual task status reports, required from activity

group leaders. Continual updating of the program PERT charts will re-

flect the trade-off s of assignments and achievements. This process of

progressive evaluation will be applied throughout the program.

2. Quarterly Progress Reports

The program status including progress on the various Dependability

Program Activities will b e reported in Quarterly Progress Reports to

the Program Manager. The Quarterly Progress Reports will include the ’

current PER T scheduling and will be submitted to the customer

within thirty (30 ) days of the end of the reporting period.

3. R/M Design Review Final Report

At the conclusion of the Design Review effort , a comprehensive re-

port will be submitted, detailing the Design Review effort and its accomplish-

ments in improving the equipment reliability and maintainability . included

will be design review memos and other internal documentations, including

the impact of the Critical Parts Program , the Statistical Circuit Studies,

and the Failure Mode and Effects Analysis on the equipment design.

4. Life Demonstration Test Procedure and Report

The test requirements and results of the Service Test Model Life

Demonstration Test will be documented and submitted In accordance with the

requirements of MIL— STD - 22974 , Paragraph 4. 3. 3. 3. Test data , Including

failure reports and analyses , will be submitted at the conclusion of testing

o-1
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to the procuring agency ( Bureau of Ships , Code 1632 ) for review and

approval and for determination whether additional testing is required.

5. Reliability Demonstration Test Plan and Report

The test requirements and results of the Reliability Demonstration

Test on the Production equipment will be documented and submitted in

accordance .with the requirements of MIL-S-22974 , Paragraph 4. 3.3.3.

Test data , including failure reports and analyses ~wlll be submitted at the

conclusion of testing to the Bureau of Shi ps, Code 1632 for review and approval.

6. Maintainability Demonstration Test Plan and Report

The proposed Maintainability Demonstration Test Plan will be sub-

mitted in accordance ~with the requirements of MIL—S-22974 , Paragraph 4. 3.3.3.

The results of the test will be submitted at the completion of testing for

review and analysis by the Bureau.

7. Final Prediction Analysis Report

A Final Prediction Analysis report for the AN/BQQ-1 Sonar System

will be submitted at the completion of the design phase, defining the mathematical

models, the overall reliability and maintainability prediction procedures

and indicating the final predicted equipment reliability. The techniques for

analysis, using the prescribed operating modes, will be presented.

8. Dependability Final Report

At the completion of the program a complete and comprehensive report will

be generated , indicating the efforts and achievements of the Dependability

Organization in optimiz ing the equipment d~ependability. The program

effort~, from the initial design phase through the Production cycle, will
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be presented. Where signifi~cant improvements were made as a result of
the Dependability Program efforts , these will be documented. This report

will summarize the overall program as applied to the AW/ BQQ-1 Sonar system.

1~
I 1~

L- .

L

1~

L~

L

F”
- --~~~~~ --~~~~~~~~~~~~ - --~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — ~~~~~~~~~~~~~~~~~ -~~~ —— ~~~~- ——.~~~


